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This Invention relates to a process for catalytic 
vapor phase .fluorlnatlon of halohydrocarbons and more 
particularly to the substitution of fluorine for other 
halogens in halohydrocarbons which contain halogens other 
5 than or in addition to fluorine, employing an improved 
catalyst for such reaction* 

She prooess of this Invention is applicable to 
the preparation of a large number of fluorlnated compounds 
Which in general are well known and are valuable for a wide 
10 variety of purposes such as refrigerants, propellents, 
die lee trios, general inert solvents, selective solvents 
in extraction operations, and compounds characterized by 
stability to high temperatures and chemical attack. Many 
: of the lower boiling products such as diohlorodif luoro- 
15 methane, chlorotrifluorome thane and trichlorof luoromethane 
are well known and have been widely used as refrigerants 
and as propellents. More highly fluorlnated or completely 
fluorlnated compounds of the aliphatic series, such as 
carbon tetraf luorlde, chl or ope ntafluoroe thane, hexafluoro- 
20 ethane, ohlor ohep taf luor opr opane , ootafluoropropane, 

perfluorobutane, and perfluorocyclobutane are known and 
are reoognlsed as being useful as refrigerants and 
propellents but they have not been readily available, 
particularly at lew coat, because they have been dif f ioult 
25 to nake and have been obtainable only by complex and 

expensive procedures. One procedure for produolng carbon 

66506 Sr- #V 
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tetrafluoride, for example, comprises two steps* the con- 
version of dlchlerodlf luorome thane to chlorotrlf luorome thane 
over alumina and than the fluorlnatlon of ohlorotrlf luoro- 
methane over ehronlum fluoride to produce oarbon tetra- 
fluoride* 

°* t * 1 *' 8t8 «««»only used for replacing ohlorlne 
end bromine by fluorine In making f luorome thanes and fiuoro- 
ethanes, have included antimony pentahalldes , chromium exy- 
; fluorides, chromium fluoride, aluminum fluorides, activated 
10 carbon, and aluminum oxide impregnated with metal halides. 
While commercial prooesses have been developed for employing 
suoh catalysts, such prooesses have been quite limited in 
efficiency, in economy of operation, and In the extent to 
J which the fluorlnatlon of the halohydrooarbon could be 
5 > induced to proceed. Usually oomplete fluorlnatlon is 
/■;\obtoia.d with considerable difficulty and to only a limited 
extent, resulting in low yields of the desired product 
end high costs. 

It is an objeot of this invention to provide a 
process for fluorinating halohydrooarbons of the aliphatic 
series which contain 1 or more halogen atoms other than 
or in addition to fluorine so as to partially or completely 
replace such other halogen atoms by fluorine. Another 
object is to provide a catalytic vapor phase process for 
reacting anhydrous hydrogen fluoride with halogenated 
* eliphatlc hydrocarbons so as to replace halogen atoms 
therein oth*r than fluorine In the presence of an Improved 
•*» highly active and efficient catalyst. A further objeot 
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is to provide such a process Whioh is praotical, efficient, 
economical and simple and easy to operate and control, su 
as to obtain high yields of the desired products. Still 
other objects will appear hereinafter* 
5 Iho abore and other objects may be accomplished 

; by the process of this invention whioh o orrises oontacting 
a v-por mixture of a halogenated allphatlo hydrocarbon of 
: 7 1 to 8 carbon atoms in whioh adjaoent carbons are linked 

solely by 1 to 2 valence bonds and in whioh the halogen 
10 atoms have an atomlo weight of less than 80 and include 
at least cm halogen atom having an atomlo weight between 
35 and 80 and at least a stoiohi one trio proportion of 
anhydrous hydrogen 'fluoride with a catalyst whioh oonslsts 
essentially of an activated auiUydrous chromium (III) oxide 
:^^v'*t;&^tes^ratua?e;.JLn the range of from about l^o°C. to about 

£ • ■ ' v. .- .V*: vjV 

;^;.^.7W°0, suoh that the principal reaction is the substitution 

of tha halogenated hydrocarbon, 



>ad ^ i»p*Mtj|U^^^ nuorlnatad confound from the reaotlon 



m.. - 

^ has been found that the catalysts of the oharao- 

■V v; tc*,abcw- specified are exceptionally aotive and efficient 
i i,. , tn *™ h * »o. .cause the hydrogen fluoride to react 
*''f ^ ,>*th'W halogenated hydrocarbons of the specified class 
«o ^hat fluorine is substituted for chlorine and bromine 
f* to produce the desired fluorinated or more highly fluorinated 
- products in unusually high yields and without requiring 
•xoessiveiy high temperatures, me process is readily con- 
trolled io produce any desired degree of fluorine substi* 
tutlon and im particularly effective for the oonmlete 
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replacement of other halogens by fluorine, espeolally for 
the preparation of fluorooarbons from other completely 
halogenated hydrooarbons . 

The process Is siople and easily carried out by 
passing * gaseous Mixture of anhydrous hydrogen fluoride 
..^.•- fch *; ^ lo **"*** d hydrocarbon over or through the catalyst 
maintained at the desired temperature In a conventional 
reactor of the type commonly employed for reactions of this 
character. Usually, the gaseous mixture will be passed 
^ r ,10 ^thr»^ catalyst In a reaction tube. The 

: ™* otl ™,$ ube 58 constructed of any metal or other 

:\,-"' ■ ' :'l * ; 

ff^** 1 ** ***** *» lnmrt to anhydrous hydrogen fluoride, 
hydrogen ohlorlde and hydrogen bromide at temperatures ud 
• .^J ^f, 700 * 0, ™? ™ 8l - 8tant heat for extended periods 
. pf time. Suitable materials for construction of the reaction 
: tube inolude nlokel alloys sold under the trade marks 

^F-i* 8 "**" 0 ** ° " Inoonel " wnlch «* hereinafter identified 
trade marks, nickel, stainless steel, platinum, and 
*'.0/],rf U8 * d r+trtotory alumina such as alundum. 

The halogenated aliphatic hydrocarbons which may 

S^V-^' 1U ° rlnated the proces8 of thl8 invention are thoae 
Vh'y^" .whieh contain 1 to 8 carbon atoms and In which adjacent 
when atoms are linked solely by 1 to 2 valence bonds. 
C f?? lude the * at «rated compounds, such as halogenated 
v ( > alJcanea and halogenated cycloalkanes, and unsaturated 

' eO"Pounda # such as the halogenated alkenes and halogenated 

Tt ;". icyeloalkenes. Preferably, the halogenated hydrocarbons 

"*" •* - -» • ■ > '■ • 

^rr vS'r^"" 1 the * c * 9llc compounds, euch as the halogenated alkanes 
.' »nd halogenated alkenes, and particularly the saturated 
^•••• J * U ° ^logenat^l hydrocarbons. The halogen atoms in the 
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halogenated hydrocarbons are those which have an atomlo 
weight of leas than 80, i.e. fluorine, ohlorine and bromino, 
and inolude at least one halogen atom having an atomic 

weight between 35 end 80, i.e. ohlorine and bromine. The 

v 'V <*•* * 

5^.'"h«log«nat«d tydrootrbona nay be partially or oonpleteljr 

th ** from one to all of the hydrogen atoms 
^p^iU ^^eplaoed by halogen atoms, including at least one 

that may be fluori- 

; nated by the process of this invention inolude the following 
10 ;^:^oh^for convenience are presented in groups having members 

v "a^^; * ' * 

/ j^t -|ir# wlated in composition or in atruoture. 



^^Q^^ll^Ciawo^ and bromoalkansa of the general formula 
j OJigfj Where a "1-8, n + y ■ 2m + 2, and - 

• -vS^k v :- jV'^r^X^ Ol or Br. 
15 ^.Bepreeertativea t >. 
^ OH3CI v V " 'c.^ ( ,': ^ •. CH*Br 

i il^HjoBaci ; : cmcHpBr 

if? H 2 C ! a 2 0H fi2 C1 1 CH^CHfcHaCflaBr 



* «» ' CH2Br 2 CHgClBr 

2?3£^i2-. ' ' CH 3 0HBr2 CH 3 CBClBr 

ClCH2CHgCl ... i toCHgCHaBr BrCHgCHgCl 

CHC1 3 0HBr 3 CHClBrp 

C^^.;,: CH 3 C^ CHCl 2 Br 

COIk 

ocljcclj 
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Oroup II - Chloro-, bpono., fluoroalkanea of the general 
formula C^r^oiyP, where m - 1-8, n + x + y + - « 

* 2f * ♦ * •* l«Mt one, and s Is at least one, 
Representatives! ; , 



CP301 
OPjBr 



CHP&rOl 



v • CP2Br| 



* ClCPgCP-^Ol ■ ^ y 
0P^CF01 2 , 
OlgCFOT^l 

BxCTgC^CFgCFgBr 
BrCTgCFgCFgOFgCl 

** . OP^CFBrOF-jCPj 

CFjCPBrcrcicPj 
ci 3 c(cp 2 ) 2 ci 

01CP 2 CP01GP3 



BrOPgCP^Br 
CPjCPBr 2 

C1CP 2 CP 2 CF 2 CP 2 01 
Br(OP 2 ) 6 Br 

CP^CPC1CF 2 CP 3 

CP3CCIPCCIPCF3 

Br(CF 2 ) 8 Br 

ci 3 c(cp 2 ) 6 ci 

BrCP^PBrCPj 



2Kb 

CFBr* 

CFBrGl 2 

CFBr^I 

CHPgBr 

CM^CF^r 
CPjOPBrCl 



C1(CP 2 ) 8 C1 
C1(CP 2 ) 6 H 
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Group III - Chloro-, bromo-, and f luoroalkenea containing 

at least one halogen other than fluorine. 
Representatives t 



25 



GF 2 «GPBr 

BrCP«QPBr 
CP 2 "CBr 2 

CPBrKJBrp 

OFBrKSHP 
GP 2 «0HBr 
CFBr«GHBr ty 



CP 2 aCPCl 
C1CF=CPC1 

cf 2 =cci 2 

CF01"CC1 2 

CHCl-CBrp 

CH01-CP 2 

CHP-CH01 
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ci 2 c«coi 2 

* 01CE«CC1 2 . 
C1CH=CHC1 , 
CH 2 -0HC1 

r; - :COl2^JF0P3 \ ( 



0P 2 "0F0FC1 2 



001 2 «C01GPj 

07 2 *0B0P 2 Br 

^. v ;OH0M2FaF90i 
# 001 2 *OH0P|01 
OHgKJBrCFj 



GH 2 «CC1 2 
CH 2 «0Br 2 



CPgOlCP-CFCPgCl 

cp 2 «cpcpoicp 2 ci 



OPgClCH^H-CH-, 
;0701«CH0R 2 0H3 



Oroqp IV .'• Oyolloalkanae and oyolioalkenas ©onteining at 



? . ,1* laaat om halogern other than fluorine • 



; ^001 a iOClp-CPa-CF 2 -CF- 



r- — t ' 



r r 

cp 2 cci 2 -cpci-cci=cci 



r 



T 



CF2-CFC1-CF 2 CC1=CC1 



CP 2 CrarCFBrCF 2 fclMJF 

t r 

t — 1 r 

25 OPgCOlgCTOlCOMOl 



-8- 



861572 



The process of this invention is also applicable 
to the fluoridation of phenyl, halophenyl and halomethyl- 
phenyl substituted balomthan«A such as 



^^-CH 2 C1 



^^-CF01 2 ^^-CP^l ^J-CC1 3 



t 

CI 



:>.■ ■■. ■:■ 



Z.) ^ :•!...». 
- ; • * \ 1 



<3V. 



'IV . . t . . . 
it':! " 



In the fluoridation of these compounds, the halogens, other 
than fluorine, in the halomsthyl groups are replaced by 
fluorine but the halogen substituents on the benzene ring 
jvaaln intact. 

**: ; V. . P' By the process of this Invention the chlorine 

; and/or bromine of the halogenated hydrocarbons are partially 
\ % ] op completely replaced by fluorine due to reaotion with 
; ; hydrogen fluoride to provide halogenated hydrocarbons which 
15 ^^oontain a higjier proportion of fluorlns than the starting 
y|»aterial. In sons eases, compounds, other than the products 
^ v « ;Of direot replacement, are obtained in minor proportions as 
the result of secondary dlsproportlonatlon reaotlons 
Maturing in the process. 
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1Rie oatalyate employed In this prooosa oonsiat 
eaeentially of an activated anhydrous ohromlum (III) oxide. 
In other worde, except fop diluent a , oarrlere, and minor 
proportion* of impurities, they cone let of and have 

$ been activated by heating in an inert atmosphere at a 
i temperature of from about l*0O°C. to about 60C*C, preferably 
about 500*0. Inert ataoapherea include nitrogen, air, 
: ateaMi *«hydroua hydrogen fluoride, nitrogen being 
■;y -preferred. The catalysts are praotioally Inert toward 
10 Sfi*««o r u« anhydroue hydrogen fluoride, oxidation by air* 
^ ;^>n* reduction by hydrogen at the temperatures employed 
H^Ji .in thia prooeea. Treatment of the catalyata with gaseous 
hsrdrcfen fluoride for extended periods of time 
; V at auch temperatures haa not aignifioantly af footed their 
l$ t ^acti^ty aa eatalyata and does not oonvert the Cr^ to 

r an oxyfluoride, i.e. a baelo chromium fluoride. For exaiqple, 
^ **P**eentative aotivated chromium (III) oxide gel oatalyet 
C V*'?* \ <h ^ la ^ Btxtion * **ln& used for 180 hours in the 

thia invention, oontained only 2.# by weight 
20 : :V fluorine and was not oonverted to an oxyfluoride. This 
stability of the oatalyata of thia invention imparta to 
^i!-** oatalyet a : iong, uaeful life whioh maintains the 
i^^«ffl«i««»jr:'Mf; !«•»•*• tha oeat of the fluoridation prooess. 
KS 18 ^ ••* ii 7«tt"«f ; this invention oonaist essentially 
2 ^Ei?° f "f* 1 ***** •nhydrous ohromium (III) oxide (aotivated 
:. ; ;'^ r 2 0 3>#:«»3r- somewhat in eotivity with the source 
>> ^ D *;^ b# ."•«»od «f preparing the ohromium (III) oxide 
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The preferred catalyst for the process of this 
invention is the so-called gel-type activated chromium (ill) 
oxide obtained by reducing chromium trioxide (CrO?) and 
dehydrating the reduoed product in the manner dlaolosed by 
Ruthruff in "Inorganic Syntheses" , Vol. II, pp. 190-193, 
published in 1946 by McOraw-Hill Book Co., New York, and 
" ~" by Turicevich and Ruthruff in U.S. Patent 2,271,356. More 

particularly the preferred catalyst is prepared by dissolving 
chromium trioxide in water, gradually adding ethanol or 
10 other suitable reducing agent to the solution and heating 
-X'X ; under reflux conditions until the chromium oxide gel pre- 

:f oi pi tats s, separating the gel from the reaction mixture! 
];Vr- ;tdrying it, and then dehydrating and activating the produot 
i ; ;^ r; ^ty beating it at a temperature of from about 400* C. to about 

*'": 1.600* C* in an inert atmosphere until the water is removed 
> ;v^irmnd i an anhydrous product is obtained. The preferred process 

-V? : r©* preparing this "gel-type" catalyst is described in 
■■^:^^d«t»iIIn.part'A of Example 1 given hereinafter. Analyses 
'r ^ iof'Bimal batches of catalysts so made and dehydrated at 
L 20 t p500* C. under nitrogen have ranged between 675* and 68£ 
Wr^'-'^hroaiuii. One bat oh analyzed 68. 3#, 68.4}< chromium. The 
; ^' t ::^.,voalcttlated amount of chromium in Cr 2 0g is 68.5J*- 
tli •sK-'ftf" th© gel-type catalyst so produced is characterized 
''XMX-i*?. to exceptionally high activity whereby, for example, 

and carbon tetrachloride, respective- 
yftr X' ly, are converted to carbon tetraf luoride in a single step 
by reaction with hydrogen fluoride at from about 300° C. 

to about 600* C. and carbon tetrachloride is similarly 
converted to dichlorodif luoromethane at from about 150* C. 
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to about 250°C. The aotivated anhydrous ohromium (III) 
oxide gel catalyst as ao prepared is generally of a partiole 
else suitable for use ae the fluorination oatalyst in a 
tubular reactor. However, if desired, it may be passed 
through a eoreen or aeries of aoreena to obtain material 
having a particular range of partiole site. The particularly 
©onvenient aise ia 10 mesh to 20 mesh, although partiole 



sis© e smaller and larger tiian thie may be usad. Also the 
: oatalyst may 'bo pulverised and the resulting powder 
10 mixed with a suitable blading agent such as powdered poly* 
? tetrefluoroethylene and pressed into pellets which may be 
y used to form the catalyst bed for use in the prooess of 
A- thie invention* 

■ ' Another effiotive activated ohromium (III) oxide 
15.; :> (l taayst of this Invention, although somewhat less active 
y {than* the gel-type activated ohromium (III) oxide prepared 
|v ■ from ohroaiuffl tri oxide, la the ohromie oxide, Cr^, 
obtained by dehydrating the commercial pigment known aa 
Ouignet»e Oreen, having the oonqpositlon Crg03»2H 2 0 at from 
20 ( f about 1|00°0 # to about 600°C. in an inert atmosphere. The 
. dehydration of Ouignet* a Green to prepare it for use as 
an activated fluorination oatalyst is described in detail 
in Example 3 hereinafter. The Ouignet's Green is preferably 
dehydrated and activated under nitrogen. When it is 
25 dehydrated at $00°0. with free aocees to air, it has less 
, catalytic aotivity than when it is dehydrated in nitrogen. 

Whereas the nitrogen-dehydrated material gives high oon- 
- versions of dlohl or odlfluoroms thane to carbon tetrafluorlde 
at 500°0# # the air-dehydrated produot oonverte diohlorodi- 
30 flu or one thane mainly to ohlorotrifluoromethana at this 
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temperature. The chromium oxide gel, made from chromium 
trioxide, doe a not exhibit this effect of oontaot with air 
during dehydration. Although the chromium oxide gel is 
oommonly dehydrated under nitrogen, it may be dehydrated 
5 in air and retain its high oatalytio activity so that di- 
chlorodifluorome thane may atill be converted to oarbon 
tetrafluoride in ita presence. 

Another aouroe of an aotivated oatalytio chromium 
(III) oxide, for use in the fluorination of halogenated 
10 aliphatic compounds by the process of this invention, is 
^ ^/ ^ aalta whioh are preoipitated 

-:i With -ammonium or alkali metal hydroxide to yield ohr oral urn 
/^^•Vtocaidaa'that are washed and dehydrated to provide an 
v"-- :l0tl y |tad ohromic oxide. In Example 9 hereinafter, a 
15 ; description of a preferred mode of preparation of such an 
.jg : Y^ (III) oxide from chromium (III) chloride 

~rf?\ hydrato and aamonium hydroxide and the effect of its use 

fluorinating dichlorodlfluorome thane to chlorotrifluoro- 
t'6*:£ ^thana and oarbon tetrafluoride are given. Besides chromium 

;^ ^ f 111 ) ' ohlor i d6 » °ther water-soluble chromium (III) salts, 
v V:;^ BUOh M "* h * M «tat6, nitrate, and sulfate, may be used. 

"■ : 7 ammonium hydroxide, sodium or potassium hydroxide 

? hV T nay be uaed to precipitate the chromium in the form of its 

hydroxide from a water solution of one of its salts. After 
2$ being washed to remove the extraneous lonio material and 
v being dehydrated, the resulting aotivated chromium (III) 

oxide may be used aa a fluorination catalyst in the prooess 
of this invention. 
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Ike various foregoing forma of activated chromium 
(III) oxide may be passed through sieves of suitable sizes 
to obtain a range of desired particle sizes, and the 
powdered material may be pressed into pellets with a binder 
5 ^ such as poly tetrafluoroe thy leno. 

::v^v. activated chromium (III) oxide catalyst may 

^ / be supported on an inert substrate, such as alumina, 

^||Vii»iuding the eo-oalled "aotivated alumina". For example, 

^alumiaariA the form of spheres about i/V 1 to 1/16" in 

IQ y^^tw^w at irregular granules of about 8 to 15 mesh 

Wltb • water solution of a chromium 

:(%e^otuid*iu4*th» chromium oxide preeipltated on the alumina, 
. ■■■■ • 

:vd*?***tag the alumina mixture essentially as the chromium 

:• ir^t-.: ; . .."=••"•. .... . • 

A ^SDlutlon ls treated above to provide aotivated chromium (III) 

15;|£*^»'*a ;tto» absence of the alumina. For example, the 
.Q^faidrtSmg be »axa4 with chrcmdum trloxlde and the trloxlde 
i£f»dM*6,^tit%a Insoluble ohromlua oxide with ethanol or the 
W^T a ^; m *' : 'j* " lx * d wlth * ■olution of ehromlum (III) 
^ nitrate and ohromlum hydroxide precipitated with the 
2a i; • flm0IllttB M^oxlde and the ohromlum hydroxide washed with 
vii «*«tur» will then be dehydrated to form aotlvated 

; .ohromlum (III) oxide on the alumina. Catalysts, in the form 
^©T activated ohromlum (III) oxide admixed with aluminum 
' oxide, are known to the art for use in the treatment of 
25 petroleum; particularly for the catalytic conversion of 
hydrocarbons and such oatalyets may be used in the prooess 
of this invention, although they are somewhat less aetive 
and efficient than the catalyst prepared from the gels 
s . obtained la the reduction of ohromlum trloxlde and those 

; .... (. 
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prepared from Ouignet Ore en. Representative oatalyste 
of thie type and the methods for preparing them are die* 
eloaed by Thomas in Patent 2,1^02,8514. A suitable catalyst 
of this tree la the ehr cms •alumina eatalyst made and dis- 
$ ^ tributed by The Harjhaw Ohemloal Company for use in the 
"} petroleum industry, the use of whioh eatalyst is illustrated 
in Example 10 given hereinafter* 

For preotioel purposes, suoh as eliminating or 
minimising the corrosion of equipment, anhydrous hydrogen 
''[ ...:;",■ 10 fluoride is preferred. Small amounts of water, up to 0*1%, 
in the hydrogen fluoride oan be tolerated, since gaseous 
r' ■ hydrogon fluoride is fed to the reaotor for the fluorl* 
J nation at an .elevated temperature, and small amounts of 

water that might be carried into the reaotor with the 
"/';;■," 15 . hydrogen fluoride are not deleterious. Commercial anhydrous 
hydrogen fluoride, which may oontaln traces of sulfur com- 
, pounds, appears quite as satisfactory for the reaction as 
w V . pure material. 

Ifce molar ratio of anhydrous hydrogen fluoride to 
20 the halogenated aliphatlo hydrocarbon to be fluorlnated 
may be varied over the range of 1 mole to 10 moles of 
hydrogen fluoride for each mole of the halogen oongjound, 
the preferred ratio being determined by the nature of the 
■ halogen bompound to be fluorlnated and by the amount of 
, 25 fluorinatlen desired. In fluorinating carbon tetrachloride 
v to carbon tot rafluorlde, for example, U moles of hydrogen 
j, . . fluoride per mole of carbon tetrachloride are required* 
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In converting vinyl chloride to vinyl fluoride, only one 
mole of hydrogen fluoride per mole of vinyl chloride is 
required. When the intent le to produce carbon tetrafluoride 
from oarbon tetrechloride, a lower molar ratio of reactants 
W^'5^t a fluoride per mole of earbon tetr- 
achloride result* in decreased output of earbon tetra- 
< j t Ittoride and an Increase in conversion to only partially 
^luorineted products such as ohlorotrifluoromethane, di- 

ehlorcKUfluor^ and trlohlorofluorooe thane. Usually, 

|ff Z>^it$*?**t n 'J***** 0 la <»•* that is at least 

t» a given fluorination, 
^^^f > bout * 5< * ■ bl * r •»••■ • 

The feed rate, expressed as parts by weight of 
^ halogenated aliphatic hydrocarbon (exclusive of hydrogen 
^§ tl0W ^* ) ** r >•*• * "talyst per hour, may vary from 
*■ ;>•** *° 2.0 parte, with a feed rate of 

about 0.5 part being preferred, since the fluorination 1. 
|;e*ot^mio, the upper limit of the feed rate is determined 
the efficiency of the dissipation of the heat of reaction 
20 f ifrom the reaction .one as well as by the reactivity and 
^molecular weight of the halogenated aliphatic reactant. 

*» d »* in the generation of more 

I*** thUl i * 8«oh a condition cause, the catalyst 

vtempera|ure to rlee, and the course of the reaction may 
25 •banged too alow rat. fail, to use the total capacity 

of the catalyst and of the cooling system, resulting in low 
operation efficiency, and it could result l a euoh a prolonged 
exposure of the organi, material to the elevated temperature 
that deccmpoaition or undesirable alteration would occur. 
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Ohe broad temperature range in which the fluori- 
natlon of chloro or bromo aliphatic hydrocarbons may be 
ef footed with hydrogen fluoride is from about 150°C t to 
about 7&0°C. Narrower temperature ranges within these 
5 > limits are found to be suitable for a aeleoted degree of 
■V fluorination of a particular halogenated hydrooarbon and 
T for 4 fluorination of a apecifio compound using a given 
tyjie or form of activated chromium (III) oxide catalyst. 
For example, "the~es«entially complete conversion of oarbon 
10 tetrachloride to diohl or odifluorome thane ooours at 150°C. 
/• with the gel-type activated chromium (III) oxide oatalyst 
■\;;; ; : : .prcptoci from chromium trioxide, while a similar conversion 
■ ; using activated ohromiura (III) oxide prepared from Guignet»s 
Green requires a temperature of about 250*0. In brief, 
15 '^j** 1 * temp^ratur'e at Which the process is run, other conditions 
| C being the same, depends upon the product that is desired 
; >v from a given starting material that is to be fluorinated. 
Temperatures, below the preferred range for a particular 
product from a given material, result in low conversions 
0 and henoe decreased efficiency of operation, and tempera- 
. tures f above the preferred range, give rise to en over- 
. ■'^tP^lzatloa -tar the desired produot when over-f luorlnatlcs 
is possible with the particular halohydrooarbon employed. 
V: The new fluorination process is usually run at 

5 essentially atmospherlo pressure or under the pressure 
induced by the hydraulic head of scrubbers and by beds of 
; t drying agents for a gas stream. The operation of the 
process need not be limited to these pressure conditions 
and the reaotion may be run under eupor- or sub-atmospheric 
pressures* 
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In order to wore clearly Illustrate thia invention, 
preferred modes of carrying the eame into effect , and 
advantageous results obtained thereby, the following 
examples axe given In which the proportions of materials 
.5 employed and produced, are by volume except where specif i- 
T oally indioated otherwise, 

Example 1 

(A) Preparation of activated chromium (III) oxide gel 
catalyst, 

. .'V:A 12-liter round -bottom flask, equipped with an 
10 agitator, reflux condenser, and dropping funnel, is charged 

and I40O g. of chromium 
v ^ •trioxide (O1O3 ). The mixture is stirred to dissolve the 
^chromium tri oxide and, with rapid agitation, 21*0 ml. of 
f 9$& '* ml, increments, eaoh at a 5- 

15 Mnute interval. The solution is then allowed to stand 
vV-for 3 hours/ after which an additional 2I4O ml. of 95% 
5 othanol is added in Increments as before. The mixture is 

^then hea refluxed vigorously with agitation 

M: ; *'.■■' * • "/ : 

^j f for l6>oura.;i During refluxlng, chromium oxide gel pre- 
20 ~/;«ipitates.; , ;< :: Tbe mixture is oooled to room tGrnpsraturo and 

iir> ' .■■'•■* • ' V 

^filtered in a, 26 em. Buohner funnel e Air is drawn through 
.5£;the filter; oake,.until the cake beoorees dry enough to crack, 
4 • Ohe filUr oake i dried In a vacuum oven for I48 

hours 60 hours at .1*0*0. to 50*0. and finally for 12 hours 
25 r; to 2i\ hours at 80*C. to 90°C. The produot so obtained is 
dark brown-black and weighs about 500 g. Although it 
appears to be dry, .it nay oontain 30% to of water. 
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This rsaidual *>*t*r ia removed and the chromium oxide 
activated by heating the chromium oxide at 500°C. in a 
nitrogen atmosphere for about 7 hours. The dehydrated 
material la pasted through sieves to obtain for use material 
t 5 that Is between 10-oech and 20 -me ah in site. This prepa- 
ration, except for passage of the material through the 
slaves and for changes in the drying and dehydrating pro-* 
oedure, is given in Inorganic Syntheses, Vol. II, pp. 190* 
IV = 193 <191|6). 

10 ) Fluoridation of carbon tetrachloride at 150°C . 
; •• ; ^'^'^ Activated chromium (III) oxide gel (76.8 g.) # 

'.*>^"jpx^pired as 'described above, was placed in a l n internal 
; 7 :i'j diameter Hesfcelloy C reaotor tube heated electrloally and 
oonneo ted with A potassium hydroxide sorubber and with a 
1$ <lrylng tube containing successive beds of anhydrous soda 
'V : V lime, calcium chloride, and calolum sulfate. The oatalyst 
- 4 waa heated to 150°0., and a mixture of carbon tetrachloride 
; r -f ifti anhydrous hydrogen fluoride passed through the catalyst 
^ T&ed at the rate of 0.25 g. of carbon tetrachloride per gram 
^20 vof oatalyat per hour and with a ratio of 8 to 9 moles of 



HP to each mole of CC1. . The exit gases from the reaotor 



were sorubbed with 1<# potassium hydroxide solution, dried, 
'*p£r^ -,a»r analysed* The resulting gaseous product was found by 
i^:k^M '^K* V**" spectrometry to ooraprise by volume 97£ dichlorodifluoro- 
methane and 2.1$ chlorofcrifluoromethane. 



? <$$i:&'2$ Y«»thane 



'4 ft 
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Example 2 

Fluorlnatlon of oarbon tetrachloride at 100*0. 

The procedure deeorlbed In Example 1 was repeated 
except that the catalyet waa heated to i(C0 4 C. f the oarbon 
5 -.tetrachloride feed rate was 0*2 g. COl^/g. oatalyet/tir., and 
" the HF/cCl^mole ratio was about 10/lt After scrubbing the 
» gaseous effluent from the reaetor with 10% potassium hydrox- 
ide followed by drying, the remaining gas was found by mass 
/'spectrometry to ooneiet of 9k% oarbon tetrafluoride and 
10 chlorotrlfluorome thane by volume* 

! When the 001^ feed rate was increased to 0.69 g. 
COl^/g. oatalyatAi*^ the HP/CCl^ mole ratio kept at 
J;, about B/l while holding the catalyst temperature at l|00°Ct, 
-V the sorubbed and dried gaseous produot eontaired 9l|.5£ 
15; ^ osrbon tetrafluoride and chlorotrifluororaethane. 

Vii'-'- - v!?luorination of oarbon tetrachloride - Catalyst 
... from Qulancfa Qreen 

; 3 v " to »*t^ated ohromium (III) oxide catalyst, C^Oj, 

•' was prepared by heating oommeroial Ouignet's Green, 

n • . . . .* 

20 (CvgPyZB^b) at 5b0°O. under a slow stream of nitrogen for 

• a period of 7 hours. 

* ■ A one -inch Internal diameter Haste Hoy C reaotor 

/ was charged with 180 grams of 1* to 6 mesh activated ohromium 
(III) oxide prepared as desorlbed in the preceding paragraph. 
25 f Anhydrous hydrogen fluoride was passed through the oatalyst 
* atf a rata 21 to 25 g.Ar. for about 30 minutes at 500°C, 

and then cooled. Under an atmosphere of nitrogen, the 
^catalyst ymm Heated to 200°C. While holding the tenperature 



-20- 

861572 



of the catalyst between 198°C. and 20l4°C., a mixture of 
.; - 0 ? rbont ** r * cnlorld * and aJtoytoous hydrogen fluoric w« a 
r fed to the reactor to supply 0.12 g. of CCl^ per gram of 
- r., '■[', . oatelysi-'^par hour and about 8 moles of HP per mole or ccii . 
■i^' lfe^ 8 *?*^'?** ltt0,,t fpon *»• reactor vas aorubbed with 10J6 ' 
V: iw». ; »V4roxi«« •olutlon and dried. A sample of the 

Vrea^ting gaaew*; produot oomprlaed 83. 5% dlohlorodifiuore- 
£\ ' 0.6* chlorotrifluoro- 

: '^y : ;-( ; ''" ":^-; mt **&i- 0,bf nitrogen as determined by mass spectrometry. 

^M^'^^i^N-M^^! 1 ^ CC1 k ** td t0 M««t» «M increased 
I?S-: .Ai ; t o"«i31 rjif?y^2|j/BjA- • eaftaOyaj tAw • and the HP/CC1^ molar ratio 
wm reduotd to about 3/1, the scrubbed and dried gaseous 
prodttat.'icoapriaed 68.9* dichlorodifluorome thane, 30.656 
*?*<>Hwoflwometnane, and 0.# ohlorotrifluoromethane. 

PlttorlBaitlcn of chloroform 
t / ' . A one*inoh internal diameter Haatelloy c reactor 

wm oharged Uith ab<mt 77 grams of the aotivated chromium 
„ (HI) oxide oatalyat prepared as described In Exa^le 1 (A). 
20- : The catalyst bed was heated to ljOO^. in a nitrogen atraos- 
phere. While maintaining the temperature at t|00°C, a 
mixture of chloroform and anhydrous hydrogen fluoride was 
fed to the reactor to supply 0.5 g. CHCl 3 /g. oatalystAr. 
and about /our moles of HP per mole of CHCI3. The effluent 
25 product, after scrubbing and drying, comprised 96.2$S tri- 
fluorome thane, 0.5* dioblor of luorome thane. 0.558 chlorodi- 
fluorome thane, and 0.# chloroform as determined by **** 
V spectrometry.' 
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15 



When the ohlorof orm feed to the reactor wae In* 
creased to 0*82 g* OHClj/g. oatalyet/hr, while maintaining 
the KF/CKGl^ mold ratio at about Ij/l, the scrubbed driad 
effluent gas still contained 96.2* trlfluorome thane and 
•mall amounts of lesser fluorlnated methanes. 

^ampla g 
■ ♦ nwrtPitfop of ojilorlde 
; An activated chromium (XXI) oxide eatalyst (73 g.) f 

;pr#pared as deaoribed in Example 1 (A), was placed in a one* 
■ ; inch H*st alloy 0 reactor. The catalyst bed was maintained 
; ^iet^^ methyl chloride was fad 

H to^tba reactor at a rata of 0,25 moU/hr. along with HP at 
^ *limt*\Vt 1.25 moles/hr. -The effluent gaa from the reactor 
SwMveorubbed with lOJl XDfi solution, dried, and analysed by 
i^iMiw epeotrowatry. It was found to contain 6.5* of methyl 
V fluoride and 89.7* of methyl ohlorlde, along with small 



ajapunte of other organio compounds. 



■ : ' : Example 6 

^-^^.'^ ^v Fluorlnatlon of dlchlorodlf luorome thane 
• .:'^^:".^:,^::>"; • ■ ■ .■ . 
20 ^ . v£: : : : A Bastelloy C reaotor one inch in internal diameter 

Ivas charged with 70 grams of the aot irate d chromium (III) 

oxide oatelyat prepared as described in Example X {A}* A 

mixture of anhydrous hydrogen fluoride and diohlorodif luoro- 

"jee thane in a mole ratio of I4 to 1 was passed at different 

feed ratea orer the oatalyat bed at different teo^eraturea. 

The" exit gases from the reaotor were sorubbed with 105? 

potasslu* hydroxide solution and dried over anhydrous soda- 

lime, oalolum chloride, and caloiura aulfate. The variation 

la the oompoaition of the effluent gases aa determined by 

gas chromatography la shown in the following table. 
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T«mp. Of 
catalyst, 

•c. 


Food Rate, 
g. CClgFo/s. 
oatalyit/ hr. 


Composition of Produot, 

f> by vol. 
CP^ CClFj CC1?F 2 


200 


0.37 




67-76 33-2l« 


: 300 y ' 


".- ; 0.37 


67-68 


33-32 


1,00 - 


1.60 


97 


ea. 3 


500 


0,58 


96 


•mall 
ant. 



lbeee results show hew the activity of the aotivated ohromium 
10 (III) oxide catalyst is af footed by temperature and how the 
degree to whioh the diohlorodif luoromethane beoomes further 
- fluorlnated is controlled mainly by the temperature* The 
data show also that essentially quantitative replacement 
of the chlorine by fluorine is attained at l400°C. with a 
-* >l£ 1 high feed rate or throughput of reaotants, 
*'.*•' ;S -V ■ ; - At a temperature of 500°C, a mixture of anhydrous 

^. v V v ' : h hydrogen fluoride and diohlorodif luoromethane in a mole ratio 
T^^^^^^V-ti' i'HM passed through the reaotor with oatalyst 
iV j; : »s described above at the rate of 0,35 g. CClgFg/g. catalyst/ 
; ' 20 vhr* for a total period of 180 hours. Throughout the 
Y : f^-} ■■'•operation' under these conditions, the diohlorodif luoromethane 

. • vm 98J& to 99£ converted to carbon tetr*fiuoride. 
4r?A] absenoe of any oatalyst, a mixt ure of an* 

^^teoua'hjdTQ&n fluoride and diohlorodif luoromethane in a 
£ ; * a5 : »oX* r*^i« of t| to 1 was passed through a 1" x 30" Hastelloy 
r> C .reaotor 'at 550°C. and at 600°C. at the rate of 0,25 gram 
: '-'BOle^of CCl^ P** hour. The effluent product was scrubbed 
; V: V*v'with 10JC potassium hydroxide solution to remove hydrogen 
£ y>tf >r fluoride /dried, and analysed in a mass speotrometer. 



-23- 



861578 



At 550°C, the dichl orodlf luor cms thane was I0f> converted 
to ohl or otrif luor om thane and, at 600°C, the conversion 
was 35*. Ho carbon tetrafluoride was detected in tho 
produote. - ■'. , 

Sf - Example 7 

Ay - Fluor 1 nation of dlohlorodlfluorome thane - 
Oatalvat from Pulgnctia Qr«»n 

~ .A;b»»-lnbh internal diamstsr Haetelloy C reactor 
^^ hl6h c ^ t * il *? d ^ 1| to 8 ossh Ouignetis Green 

was heated at 50O c C. for: two hours under a slow stream of 
10^«&tao«eir^ oxide. A mixture of 

;f£*aj^d^ vapor and nitrogen was then 

% pawed through the reactor fnr two more hours with the 
^>*^*Atura fbald at $0O*Q. At this tenperalure and at 
succeeding lower temperatures, dichl or odif luor ome thane, at 
15 r, A rate of 0.25 gram-mole per hour, mixed with anhydrous 
W hydrogen fluoride, at a rate of 1 gram-mole per hour, was 
/ passed through the reactor. The effluent gas from the 
i; ; reactor was aorubbed with 105* potassium hydroxide solution, 
dried, and analysed by mass spectrometry. Ofce results of 
the analyses : ; are act forth in the following table. 

Tec^p. of ... : ;-h}\ -'i ; Composition of Product, 
catalyst, _ % by vol. 

■■■ ■■* *■ 0. - : * ■ 



20 



CFj| CCIF3 

500 ' r : TV-' ; '.,92-.:* e 
1|00 Ai . i; 1|8 52 



25 300 
200 



99.7 
Traoe 
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The eomplete exchange of the chlorine in diohloro- 
dlf luoromethane by fluorine 1b effected at about 500«C, 
While a partial replacement of the chlorine oceure at 300«C. 
/ to provld* the • ingle product ohlorotrif luoromethane. Thus, 
i; BBrely by ' auitably changing the reaction temperature , 
' Viecntially quantitative yields of trifluorochloromethane 
tetraf lu^ «*7 be obtained as deeired. 

gxagple 8 

' Fluorlnation of diohlor odif luorome thane - 
: react jl»*t:lon of catalyst 

■' • ^'"'/j<<. \ one «ineh internal diameter Haetelloy C reaotor 
Which contained 197 gr«» * U to 8 meeh Ouignet's Oreen 
; ^ waa heated to 500*0. and held at thia temperature for about 
; four hours under a stream of nitrogen. Then, for 98 hours 
'continuous operation, diohlorodifluoromethane at a rate of 
■ ^ !o.l8U per^gram of oatalyst per hour was mised with 
^f Xv&dxoia hjaTWn tlawito to provide k molea of BP per 
mole of CC1^2 and paeeed through the reaotor maintained 
• at 500»C w -The effluent gaees from the reaotor were scrubbed 
' with Hd potassium hydroxide solution and dried. At 
20 intervals, a ample e of the scrubbed and dried product were 
eolleoted and analysed by gas chromatography with the 
following results. 

Composition of Product, 
. ; Time of sampling, * by vol. 

in hou rs from start CF I) cc "3 

±S &4 g-» 



32 



70 80 IP 
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The complete replacement of tha ohloplne by fluorine to 
form carbon tetrafluoride gradually diminishes, while a 
partial replacement to form ohlorotrlf luor one thane continues, 
and the decreased yield of the te traf luor one thane Is balanoed 
5 by an Increased yield of the trlfluoro compound. 

"The activity of the catalyst, that la diminished 
by extended use as shown above, may be restored by treatment 
r -..' «f the used catalyst With steam. One way In which the 
( ^:.. 7 °* ta ^ ,t *" ^ riaotlrated is Illustrated by the following 
10 procedure, tte dichlorodifluoromethane and hydrogen fluoride 
^ V^f d#da t6 the reactor Were shut off after the 98 hours ■ 
^operation indioated above, and the catalyst was allowed to 
?X$>*°*}- t0 room ^^rature under a slow stream of nitrogen. 

oUalyrt Was 'then heated to 200°C. to 300°C. and held 
^^^^^ rang* for sight hours while subjected 
.?* • il0li •treao of nitrogen saturated with 

the oatalyst was heated to 500°C. 
P?}* '•*- fchl « temperature for five hours while about 
S J0<} °* i"'*** ln A* «team mixed with nitrogen 



20; 



25 



/;were pieMd through the reaotor tube. Finally, nitrogen 
;ialoj» was passed over the oatalyst for three houra. The 
dlehlorediflueromethane and hydrogen fluoride feeds f> the 

Jreaotdr'wewrthan resumed at the same rate as before, while 
the oatalyst was held at $00*0. The scrubbed and dried 
exit gases, after three hours further continuous operation, 
analysed 93* earbon tetrafluoride and 7* ohlorotrlf luoro- 

, methane as compared with 62* CF^ and 38* C01P 3 before 

.■reaotiTeting tha catalyst. 
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Pluorination of diohlorodlfluoromethane - 
Catalyst from precipitated ohromlum hydroxide 

A ohromlum (III) oxide oatalyst was prepared by 

precipitation of chromium hydroxide from a dilute aqueous 

5 solution (0.13 molar) of CrC^&^O with a slight exoess 

of 0.5 molar ammonium hydroxide* The ammonium hydroxide 

was added to the stirred solution of ohromlum ohloride 

r^f^"fl*n»""oirsr.a period of 5 hours. The preoipitate was 

washed by dsoahtation until it began to peptize, then it 

10 was filtered and dried under vacuum, first at 50°C. and 

finally st 100*0. 

. J _ This material (70*8 g., about 8 to 20 mesh) was 

oharged to a one -inch Hastelloy C reaotor and dehydrated 

and activated at 1|00 # C« under a slow flow of nitrogen for 

15 seven hours* Dlohlorodifluoromethane was then fed to the 

reactor at a rate of 26 g./hr, along with arihydrous hydrogen 

: fluoride at a rats of 17 g,/hr. This feed rate is 0,37 g* 

?• ■ COl^/g. oatalyatA** with about U moles of hydrogen fluo- 

; ' rido pe£ mole of CClgF^* Th® catalyst bed temperature was 

20 held at about l*00°C. After operating for 1.5 hrs., a sample 

of the of f -gas from the reaotor was collector, sorubbed with 

lQjJ KDH solution, dried over anhydroua oaloium sulfate, 

and analysed by mass spectrometry. This sample was found 

t6 eontaln 71«0^ ohlorotrifluorome thane, 28.2J6 tetrafluoro- 

25 methane, and 0.8jt dlohlcrodifluorome thane. 
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Example 10 

Pluorination of dlohlorodifluororaethane - 
Chrome-Alumina pollote 

A one-lneh diameter Haatelloy C reactor tube mas 

oharged with. 221 grass of ehr one -alumina eatalyst made by 

.fhe BaxehatrOlieinloal Company la the fern ef pellets of 

: activated chromium (XII) oxide and aluminum oxide. (Cr-0205 

T 5/32" Spec 102 56o-2l6-t|<>)* This eatalyst analysed 

% AlgOj - 78.li, 79.0 and 78.5 and f .0r 2 0 3 - 19.6. 19.7. 

;a9. 2 and 19.2, and on heating for 2.5 hoars at 600°C. lost 

%,2.3,*Bd ;2.it^. weight WMoh apparently was moisture. The 

\ ^oatalyat was Seated and hold at about 5i|0°C. while dlohloro- 

} dlfluor owe thane and hydrogen fluoride were fad to the reactor 

at, rates of 0*36 Aole/br* and 0*95 mole/W», respectively. 

Ike effluent gases f ro* the reactor vera scrubbed with 10% 

of the produot, taken at 

"intervale, showed tba following analyses by mass spectrometry. 



20 



Hrs. "on stream" 

% C10F 3 

V'H 2 

> CO ♦ N 2 

» Ai r . 



1 

2 

76.5 
2.1 

H|.3 
5.7 
1.3 



2 

2-1/3 
81.8 

e> 

15.2 
2.9 



3^ 



at 



p 
I 
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Example 11 

Fluorinatlon of diohlorodif luorome thane • 
10' x 2* reactor 

A 6.9 lb. quantity cf activated chromium (III) 
oxide catalyst, prepared as described in Example 1 (A), was 
5 plaoed In a 10-foot by 2 -inch Inoonel reactor and heated 

to 500°C» Through the reaotor, dichlorodifluoromethane was 
passed at an average rate of 2.95 lb. per hour together 
< with an average input of 1.93 lb. per hour of anhydrous 
hydrogen fluoride for 80 hours* continuous operation with 
10 the temperature held between 500°C. and 550°C. The effluent 
/'v gases from the reaotor were passed through a oounter-ourrent 
' : - r water sorubber and through a 15# potassium hydroxide solu- 
tlon, dried over silica gel, and compressed into cylinders. 
% ^vllie produot t obtained in this way, comprised 99 .656 carbon 
: 1$ tetrafluoride, 0.2# ohl or otr if luorome thane, less than 0.05£ 
v; <iiohl and 0.2£ air as determined by 

V 6 M chromatography. With a feed rate of dichl or odif luoro- 
me thane of I4.2 lb. per hour and 2.0 lb. per hour of hydrogen 
fluoride attained at one period of the operation, the 
i 20 : *orubbed, dried, and oompressed effluent gas still contained 
.more than 99$ oarbon tetrafluoride. 

Example 12 

\ ' = V : Fluorinatlon of bromotrlf luorome thane 

An aotlvated chromium (III) oxide oatalyst (53 £•)» 
25 prepared as described in Example 1 (A), was placed in a one- 

lAob diameter Hastelloy C. reaotor. The oatalyst bed was 
f ^ ^: heated to 5OO c 0. and maintained at about that temperature 
while a mixture of anhydrous hydrogen fluoride and bromo- 
tr J f luorome thane in a mole ratio of lj/l to 5/1 was passed 

.... •/.«* 
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20 



25 



through the reaotor at a rata of 0.5 g. BrCF3/g. catalyst/nr. 
The effluent gases were scrubbed with 10* potassium hydroxide 
solution, dried, and analyzed by mass spectrometry. Analysis 
indicate* that the effluent gas oonslsted of 95-9Q# ot 
carbon tetrafluoride. 

Example 13 

Fluorlnatlon of 1.1.2»trlchloro«l»2.2»trlf luoroethane 

An activated chromium (III) oxldo catalyst (53 g*), 
prepared as desorlbed In Example 1 (A), was placed In a one- 
Inch diamster Hastelloy C reactor. The catalyst was held > 
at 310°C.-320°0. while 20 g./nr. of anhydrous hydrogen 
fluoride and Z$ g./nr. of 1,1, 2-tr lohl or o-i , £, 2- tr if lucre- 
ethane were passed together through the reaotor. The 
effluent gases from the reaotor were scrubbed with 10£ KOH 
solution, dried, and analysed by mass spectrometry. The 
analysis showed a composition of 79. 8£ dlchlorotetrafluoro- 
ethane^ 17^53* trlchlof otrlfluoroe thane, 0.735 hexafluoroe thane 
and small quantities of other fluoro compounds, 
v." . '" Example Hi 

; ■ . ; Fluorlnatlon of 1 .2-dlchlorote traf luoroe thane 

Eighth-three grams of an activated chromium (III) 
oxide, prepared as described In Example 1 (A) and having % 
partlole else larger than 80 cesh, was placed in a one-inch 
Haatellqy C readtbr to form a catalyst bed for the f luori- 
natlon of 1,2-dlohlorotetraf luoroethane with anhydrous 
hydrogen fluoride* While maintaining the catalyst at fixed 
•levated temperature*, a mixture of HP and CC1F 2 CC1P 2 in 
a mole ratio of l|/l'to $/l was passed through the reaotor 



«J'V<)il 
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at the rata of 0,5 g, of CCU^CClF^g. oatalyat/far. The 
effluent gases were aorubbed with 10% potassium hydroxide 
solution, dried, and analysed. The re stilt a are sunnariaed 
below # 

5 Ten$>. of Composition of Product, 

eatalyst, % by vol, . 

- °C> CF3CF3 CC1F2CF 3 

kOO 13 67 

500 90 6.5 

550 ~* 9l| k 

10 The analyses for the runs at i|00°C. and 500°C. were made 

■ by gaa chromatography and that for the run at 55o°C. was 

made by mass spectroscopy. 

Example IS 

Fluorinatlon of 1,2-diehlorotetraf luoroethane - 
■ • IQt . x 2" reaetor 

15 ' '.-A 10-foot by 2-inch Inoonel reaotor was charged 

/ with 8 lb. of oven-dried chromium (III) oxide gel prepared 
^ % <aa described in Example 1 (A), Thia material waa further 



'0*$.) "Af^ dehydrated by heating at 500°C. under a alow flow of nitrogen 



to provide 5.7 lb. of dry activated chromium (III) oxide 
H ^ : . -"-oatalyat. The catalyst was held at a ten^erature of 1<00°C, 

*?M?*? 9 iW ^ 11# i^-dicblwotetrafluoroethane was fed to 
the reaotor at an average rate of 2.35 lb.y^r. together 
with anhydrous hydrogen fluoride, fed at an average rate of 
1«I|1| lb \fA*** \ . B» effluent gases from the reaotor were passed 
2$ : through a oounter -current water eorubber and a 1% KDH 
solution and dried over silica gel* The dried produot 
was 0 oils c ted by condensation in a ateel cylinder oooled by 
'i^i'^-^'ZX^^^F^^ ltt * ***** of » ol * d carbon dioxide-trichloroethylene. 

■! A«V' ■ '•' *v- ' ' ■' : • " r ' 

• ; •(■,*, ;. . > , ■: ■ 
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During a period of 57 hours* Intermittent operation, 133 lb. 

of 1,2-diehlorotetrafluoroe thane was fed to the reactor. 

The weight of produot oolleoted waa 109*6 lb. The product, 

analyzed by gas chromatography, comprised: 

e •* ~ V V - U T 69.fl!? ehlorcpentafluoroethane 
V ; 17«0% bexafluoroe thane 

?13 # 2jf 1,2-dlchlorotetrafluoroethane 

This amounts to a 91jJ yield of fluorinated products which 

may readily be separated by distillation. 

10i - . v '" V ' " Example 16 

v Pluorination of 1,2-diohlorotetrafluoroethane - 
oatalvat as pellets 

(A) folletized chromium oxide gel oatalyst 

■ Chromium (III) oxide, prepared as described in 

•* • . * ' - 

Example 1 (A) and passed through a 20 -me oh screen, was mixed 

> ; -tv. - 7 • - 

15 v^; with 2Jt of its weight of powdered polyfcctrafluoroethylene 
iA^esin and pressed into 3/l6" pellets. The pellets were then 

7plaoed in a Hastelloy C reaotion tube one inch in diameter 
; and heated slowly to 250°C. under a stream of nitrogen over 
7 a period of four hours. With a continued flow of nitrogen, 
20 the temperature was held at 250°C. for two hours and then 
raised to 500°C. over a period of seven hours and held at 
500°C. for seven hours. The pellets were cooled to room 
temperature/ removed from the reactor, and sieved to remove 
; the fine particle dusty material. 
25 ! (B) Pluorination of 1.2-dlchlorotetrafluoroethane 

Eighty-three grams of the activated chromium (III) 
oxide pellets, prepared as desoribed above, were placed as 
a oatalyst bed in a one -inch diameter Hastelloy C reactor 
and heated to lj00 o C. A mixture of anhydrous hydrogon 
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fluoride and CCIF2CCLP2 in a mole ratio of I4/I to 5/1 wa8 

then passed through the reaotor at the rate of about 0,5 g. 

of CC1P2CC1P2/6* cstelyst/hr. The effluent gases were 

sorubbed with 10% potassium hydroxide solution, dried, and 

5 sajqpled for analysis toy mass spectrometry. The procedure 

Was repeated maintaining the oatalyst temperature at 500°C . 

The oomposltlons of the produot gases werei 

Temp, of Composition of Produot, 

• catalyst % by vol* 

°0 . CF3CF3 COIF2CP3 CC1F 2 CC1F 2 

10 uoo e.e 5i«U 36 

'500 85.2 10,5 

The narked effect of raising the temperature from 
' If 00*0 • to 500°C. on the yield of hexafluoroe thane is dearly 
shown, 

15 Example 17 

Fluorine t Ion of tetrachloroethgleno 

An eotiTated chromium (III) oxide catalyst (II46 g,), 
prepared as indicated in Example 1 (A), was plaoed in a one* 
inch Hastelloy C reactor. The oatalyst bed was heated and 
• 20 maintained at a temperature of about t|00°C. while tetra- 

ohloroethylene was fed to the reaotor at a rate of 33*5 g«/br» 
along with anhydrous hydrogen fluoride at a rate of 25 g./hr. 
The gaseous effluent from the reaotor was scrubbed with 10% 
KDH and dried orer artxydrcus oalolum sulfate. Analysis by 
■ass spectrometry showed this material to contain 35«<# 
pentafluoroc thane, 9.2JC l-ohloro»l,2,2,2*tetraf luoroethane, 
and 3 # 5* l.l*diehloro*2,2,2->trifluoroethane, along with other 
Materials, 
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Whan the oatalyst temperature was held et about 
300°C. and feeds to the rone tor were maintained as indicated 
above, the gaseous effluent after reetlf ieation waa found to 
oontain 38*# of l-chloro-l,2,2,2-tetraf luoroethane, 25.1#> 
5 of pentafluoroe thane, 16.0JK of l,l-dichloro-2,2,2-trifluoro- 
e thane, and email quantities of other fluorlnated products. 

Example 18 
Fluorlnatlon of vlnrlldene chloride 
Activated ohromium (III) oxide of greater than 
10 l<0 -mo ah in else, prepared as described in Example 1 (A), waa 
oharged in an amount of 113 grams into a one-inoh Hastelloy 
-Vi C reaotor tube and heated to 1|00°C. A mixture of anhydrous 
- hydrogen fluoride and- vinylidsne chloride (CH 2 =CC1 2 ) was 
. passed through the reaotor at different feed rates. Samples 
15^: :vVOf • the exit gases, so rubbed with 10^ potassium hydroxide 
^aad dried, analysed by mass spectrometry as follows: 

v^lfcle ratio ^ Peed rate, Composition of Product, % by vol. 

i °* * Vg.CHp-CCWg. CH^CF* 0H o =CF o CHC1=0HP CHp^CCl;, 
^BF/^2r° 01 Z- oatilyctTbr. 3 3 2 2 2 2 

, o.5 1|6.7 3.1 9.2 38.6 

2oj7*-^UAv*. '. . 0.25" 71.2 1.2 U.5 20.5 

r A slower feed rata has materially increased the conversion 
to 1/1, l-trJXluoroe thane . 

Pluorlnatlon of vlml chloride 
2 $ , n'U 1 : ■ yollcai lug the fluorlnatlon of l # 2-diehlorotetra« 
J^riuoroethanr in the reaotor as deeoribed in Example lt|, the 
catalyst was oooled under nitrogen to room temperature. 
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Then the catalyst was reheated and while being held at fix«d 

elevated teoperatures a mixture of anhydrous hydrogen fluo- 

ride and vinyl ohloride in a mole ratio of about 5 to 1 was 

passed through the reactor at the rate of 0,16 g. CH 2 =CHCl/g. 

5 ^catalyat/hr. The effluent gases were bo rubbed with 105b 

potassium hydroxide solution, dried, and analysed by mass 

' * epeotrooetry. The results are summarited below, 

flenpi of / v> • Coeaposition of Product, % by vol. 
.c.-v.*; ^«*talyst,. > ^VCHjCHP* ^ CH 2 -CHP CH 2 "CBC1 

l.r, h ioo&o^-* > \ 32.2 13,7 52.2 
XlO^ 1|00 7. , 3.7 3o # 5 58.6 

VqSr^ the reactor at 300°0,-350°C. contained also 

' a saall aaotuat^of l»chloro-l-fluoroe thane. 

J^^i^V-S'^'-.v' .i; ^' 7 ;.>": •VT: ^ RxaiBPla 20 

; ^ r Pluorinatlon of chlorotrlfluoroethvlene 

'■;^:iS;-'"V ; ^ ^ one*inoh Baatelloy C reaotor was oharged with 

^75 g» of an motivated chromium (III) oxide gel catalyst, 
^ ^ : P»P**ad aa described in Example 1 (A). The catalyst bed 
■. was heated to about l»00°C, and chlorotrifluoroethylene was 

to the reactor at a rate of 25 g./fer. along with anhydrous 

X ° 8an i f ltt0rl * # Et a rftte ot about 2 5 g./nr. The off -gases 

^f' • ;>from the 'reaotor were sorubbed with ICji KOH and dried over 

•»< ■.-•*' • * 

*v •^tooua.calolunattttata. After operating for at, hour, a 

»aB5>le of the off -gas was colleoted and analyzed by mass 
i^v. spectrometry. .,Ths casple was found to contain 26. % of 
;; r? 25 x.pii*af luoroetfcaji* along with smaller quantities of chloro- 
fluooro- and fluoroe thanes and ethylenes. 
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Example 2J. 

Fluorination of 1,1, 1,3-tetrachloro- 
2 . 2.3 . 3-tc traf luoropropafm 

An aotivated ohromiura (III) oxide oatalyat (77 g. ) t 

prepared aa deaorlbed in Example 1 (a), was placed in a one* 

5. inoh diaanter Heatelloy 0 reaotor. The reactor was connected 

at its bottom end to a 500 ml, copper pot which wae imraereed 

in an ioe bath* The oatalyat bed was maintained at a 

temperature of 200°C. While 25 g./hr. of anhydrous hydrogen 

fluoride together with 28 g./hr. of 1,1,1,3-tetraohloro- 

10 2,2,3,3-tetrafluorcpropane were fed to the reactor. L total 

of 1*7 g. of the tetraohlorotetrafluorqpropane was fed to the 

reaotor crer a period of 100 minutes. The feeds were then 

ahut off, .the reaotor was purged with nitrogen anJ the liquid 

prediwta, whioh had eolleoted in tho copper pot, were poured 

iz *5* ~ ca ty ^goo g • - of w • «w • sixtur* -s.s s t irr © d and ncutmli se d 

- with potassium hydroxide. The water-insoluble organic phase 

(30*l g.) waa drawn off and distilled through a email 

spinning band distillation oolumn. It boiled at 72°C.-73°C. 

i ^^P*<^*-*? collected was identified aa 1,1,3-trichloro- 

20 lV2^ the following analyses: 



25 



Product (Found) Cl 2 CFCFgCF 2 01 



RefractiTe^Indexi^'^ 
Density'- rfif'&r*.'? 
Molecular Weight 

>i,Chlwii»'^;v^- >.v, ;r.^ 
% Fluorine ; \ 

% (tarboo v 



........... 



20° 

- 1.3513 
1.61*5 §J 
233# 237 
ltd .3. UU*$ 
1*0.0, t|0.1 

15.1, 15.3 



1.3578 



25 0 



1.6i|29 
237.35 
111). 8 (ea.) 
140.0 (oa.) 
15.16 (oa.) 



~TT~y'>i>r . ^i <j | * j^r. ! . ' r 

, . .* ■ . 1 . * * { ' 




-36- 



861572 



When the eatalyat temperature was held at lj00 o C. 
; and 25 g* to 35 g*A**9 of anhydrous hydrogen fluoride 
together with 22j g./fer. of the tetraohlorotetraf luoropropane 
fed, no liquid organic produot was eolleoted. The 
5 gaseous effluent from the reaotor waa scrubbed with 105* KDH, 
' dried, and amlyaed by gas chromatography. It waa found to 
0 one let of about 20jt perfluoropropane, about 80^ 1-chloro- 
heptaf luoropropane and small quantities of other unidentified 
. -materials* 

10 *vH V the catalyst temperature vas held at 500°C, 
- r and feeds to the reaotor were maintained as given immediately 
above, the gaseous effluent from the reaotor was found by 
gas chromatography to oontain about I4OJ& of perfluoropropane 
along with some 1-ohloroheptaf luoropropane and other 
15 unidentified materials. 

Example 22 

Fluorinatlon of 1.2«»dlohlorohexaf luoropropane 
V Ohromium oxide gel (10 lb.), prepared with oven 
drying as desoribed in Example 1 (A), was further dehydrated 
20 at 500°C # in a 10-foot x 2-lnoh Xnoonsl reaotor under a slew 
stream of nitrogen to yield 6.9 lb. of •ctirated catalyst. 
The oatalyst bed temperature was adjusted tc about 1|25°C. 
r; before 1,2-diohlorohexaf luoropropane was metered to the 

reactor at O.Uk Ib./lb. catalyst/hr. together with sufficient 
25 anhydrous hydrogen fluoride to maintain a HP/CP3CHCICP2CI 

molar ratio of 5/1 in the feed stream. The gaaeous effluent 
from the reaotor was scrubbed firet with water and then 
with 1($ potassium hydroxide solution, dried over silica gal, 
end oondansed in a eold reoeiver. The water and potassium 
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hydroxide scrubbers and the drying tube vera maintained at 

l|5°C. The yield, baeed on recovered organic products, was 

96«7£. The composition of the produot, determined by gas 

chromatography wast 

5 J 2 -ohlorobeptef luoropropans 7Q£ 

oetaf luoropropans 1$ 

1,2-dlehlorohexafluoropropane 21# 

An organic feed, consisting of 8ojt by volume of 

2-©hl or oheptaf luoropropans and 20J6 by volume of 1,2-dlohloro- 

10 ^ hexaf luoropropans # . was then metered to the reaotor at 0.22 

: ^£'ib«/l*« oatalyst/hr, along with sufficient hydrogen fluoride 

to maintain a hydrogen fluoride/organic composition molar 

A^'; ratio of I4/I and the .tesaperature of the catalyst bed was 

% ^increased slowly from t*5b°C. to 625°C. The conversion to 

1$ ^ 00 taf luoropropans, determined by gas chromatography analysis 

> of the scrubbed and dried reaotor effluent, was: 

^Reaotor Terqperature C C. Vol. % CPjfSP^SP^ in ef fluent gas 

j >. L90-520 . : 17 

520-535 28 

535-575 50 

575-610 70 

i 610-625 60 

Example 23 

Fluorlnatlon of 2.3-dichlorooctaf luorobutane 
25 Into a 3A" Hastelloy C reactor tube was charged 

186 g* of chromium oxide gel catalyst, prepared with oven 
drying M described in ftxanple 1 (A), and dehydrated in the 
reaotor at 500*C« under a slow stream of nitrogen. The 
temperature of the catalyst was then adjusted to l|50°C, 
30 ' and 2, 3-dichlorooctaf luorobutane was metered to the reaotor 
at 0O0 g*/g* oatalyst/hr. along with sufficient anhydrous 
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hydrogen fluoride to maintain an HF/C^FgClg mole ratio of 
I4 .5/1 in the feed stream. The reaotor effluent was scrubbed 
with l$]t KOH, dried over ailioa gel and oondensed in a cold 
trap. The aorubber and drying tube were maintained at 6$°C, 

About 95 8* °* C 1| P 8 01 2 VM fed *° roaotor before the 
experiment was terminated. The cold trap contained 66 g. 
of product Whioh was shown by gaa chromatography to have 
the following composition, 

°U F 8 01 2 37?& 
unidentified 15% 
Example 2h 

Fluorlnatlon of l.ti-dlbromoootafluorobutane 

In a Haatelloy 0 reaotor, 126.5 £• of chromium 
_ oxide, prepared with oven drying as described in Example 
1 (A), vaa further dehydrated under a slow stream of nitrogen 
at $00*C. to provide 68 g. of anhydrous aetivated catalyst. 
The ©atalyat *teng>erature waa adjuated to 350*C, and l f lj- 
dibremeootafluorobutane was metered at 0.57 &•/&• catalyst/ 
hr. along with sufficient hydrogen fluoride to maintain an 
EF/C^FqBT2 mole ratio of l|/l. The reactor efficient was 
eorubbed in lgjC KDH, dried over ailioa gel and condensed in 
a ©old trap. The aorubber and drying tube were maintained 
at 50*0 • Uno ©averted starting material, eolleoted in a 
trap maintained at 50°C. and oonneoted to the bottom of the 
reaotor, vaa combined with the oondensed products from the 
drier for analysis* Analysis by gas chromatography indioated 
that the product had the following composition. 
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VlO 
C l* P fl Br 2 



6035 
30JC 



unidentified $$> 
:/ : — Tu* oav&ljst twr«7£ture vti then lnoreased to 
f500°cr with .the same Teed conditions* Me chromatography 
analysis of the eerubbed reaotor effluent indicated that 
deoafluorobutans wao new formed in an amount of about 50Jb 
of the product* > 

Piuorlnatlon of 1.1.1.7-ttttrachlorododeoafluorcheptane 
i$ J.; An activated ohroraiura (III) oxide gel oatalyat 

(100 g«), prepared ae described in Example 1 (A), was placed 
ih a one -inch diameter Hastelloy C reactor. The reaotor 
was oonneoted at its bottom end to a 500 ml* copper pot 
which was immersed in an ioe bath. The oatalyat bed was 
maintained at a teraperatur© of about l400°C. while 25 g./br. 
of anhydroue hydrogen fluoride together with about 12 g./for. 
of 1,1,1, 7-t©trachlorododecafluoroheptane was fed to the 
reactor* A total of 1*9 g* of the tetrachlorododeoaf luoro- 
heptane was fed to the reaotor over a period of about four 
hours* Tbe feeda were then ahut off, the react cr was p-jrged 
with nitrogen and the liquid produots which had collected 
in the eopper pot were poured onto 200 g. of ice. The water 
insoluble organic phase was drawn off, washed with $% sodium 
bioarbonate solution and dried over anhydrous oalclura sulfate. 
The dried material was filtered to remove the drying agont, 
and distilled through a small spinning band distillation 
oolumn* There was obtained a 5l£ yield of perf luoroheptane 
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oontalnlng a email amount of a leaser fluorlnated derivative 
and identified by the following analysis. 

Calculated for OjF^: C - 21.6jf, F - 78.1$ 

Pound! C - 20.6J6, P - 77.53^ 

5 Boiling point: Lovelaoe et al.*: 82 °C. 

•-- Observed: 82°C. 

«Aliphati6 Fluorine Compounds, Relnhold Pub. Go* 1958, p. 75. 
In addition, there was obtained a 36% yield of 
; . ohloropentadeoaf luorohept&ne identified by the following 
analysis* 

■i^lO.;LiH.i^^ , * ,a ' loula * e ! 1 fos> c • 20.80. 01 - 8.8ft. F - 70.556 

^ • Foundirc - 20.9*, CI - 8,5%* P - 70.7£ 
- v Boiling point* 109°C. 



Sample 26 



^'j^ of 1.6^1toc«iododeoafluorohexane 

' ~ h l$ ..Kr ; f - ' 'activated chromium (III) oxide gel oatalyst 



..■5c'.*:..!/... I. 



^j^v (89 g*)»' prepared as described in Example 1 (A), was plaoed 

."W " I'".;/-- la * ! 3A* diameter Hastelloy C reaotor. To the bottom of 

* . • / ...... - 

reaotor was connected a 500 ml. copper reoelver Immersed 
In an ioe bath. While maintaining the oatalyst temperature 
''tZ' ■-'■■■V'20v. i ; .-*t 350°d»« lj6*dlbromododeoafluorohexane was passed through 
the reaotor at a rate of 100 g./nr. t«£ether with anhydrous 
. hydrogen fluoride to give an HP/C 6 F 12 Br2 mole ratio of 2/1. 
."' .lbs product that c oils 0 ted in the oopper reoelver was poured 
into ice water 3toe separated organic layer was withdrawn, 
25 washed with dilute sodium bicarbonate solution, and dried. 
Oaa chromatography analysis of the product revealed the 
following composition. 
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C 6 P U» wJ * 
c 6^13 Br 7,fi * 
c 6 p 12 Bp 2 69. # 
unidentified 3*L|^ 

Fluorinatlon of 1.2.h>trlohloropontafluorooyolopentene 
An activated ohr oral urn (III) oxide gel catalyst 
v (100 g»), prepared aa daserlbed in Example 1 (A), was placed 
in a one-inoh diameter Haste 11 oy G reactor. The reactor was 
10 . connected r,t its bottom end to a 500 ml* copper pot which 
vaa Ifflroereed in an ice bath* The catalyst bed was heated 
and maintained at a temperature of about t«O0 c C« while an* 
hydrous hydrogen fluoride at about 25 g.A^*. and l 9 2,k m 
trlchloropentafluorocyolcpanteno at about 26 g,/hr. were 
15 fed to the reactor. The reaotlon waa continued in this way 
H-j; ^ for a period of 2.5 hour a. The feeds were then turned off, 

the reactor was purged with nitrogen, and the liquid 
i products Which had eolleoted in the copper pot were poured 
onto 200 g. of ice. The water inaoluble organic phase was 
20 drawn off , washed with 5% sodium bloarbonate solution, and 
dried over anhydrous oaloium sulfate. The dried product 
was filtered and distilled through a small spinalis band 
column. Three main distillation outs were obtained. 
Out #1 Boiling range l*5°C.-88°C. 3.9 g. 

25 Cut #2 88°C.-89 0 C. 27.0 g. 

Cut #3 89 0 C.-116°C. 3.5 g. 
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Cut #2 is 1,2-diohlorohexafluorocyolopentene 
as identified by nuclear magnetic resonance and chemical 
analyst* . 

Calculated for OjF^O^i C • 2U.5%» ? - U6.5*» CI - 2k. 5% 

M.W* « 

Poundt C - 2ij. 2*, P - 1|6.3^» 01 - 21*. 2#, M.W. - 2$0. 
Example 28 
Pluorlnatlon cf c.c.a-trlchlorotoluena 

A one-inoh Hastelloy 0 reactor was oharged with 
9l* g# of chromium oxide gel oatalyst prepared as desoribed 
in Example 1 (A). The reaotor was connected at its bottom 
"... -i^ . and to a $00 ml. oopper receiver immersed in an ice bath. 
;V 4:'.V ■■""VvV'-;'' The oatalyst was heated to 1|00°C V , and a mixture of anhydrous 
(iy^i-Vi^'-i^i t^toogai fluoride and dry nit^oge^ was passed through the 
15 reactor for 30 minutes. Then 62.5 g* of a,a,o-triohloro- 
toluene was fed to the reaotor over a period of 1*5 hrs. 
::t together with anhydrous hydrogen fluoride at an average 
rate of 20 to 25 g« per hr. While maintaining the tempera- 
ture of the oatalyst at l400°C* The product of the reaction 
and excess hydrogen fluoride which oollected in the oopper 
receiver were poured onto about 200 g. of ice and stirred 
briefly. On standing, a water-insoluble lower layer 
separated. This layer was drawn off 9 washed with a 5% 

. • • 7 s 

solution of sodium aoid oarbonate, dried over anhydrous 
caloiura sulfate, and distilled. A product having a boiling 
point of 100°C. f and amounting to 15*3 g* vas identified by 
molecular weight determination and chemical analysis as 
a, a, a-trif luorot oluene • 
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Calculated for C^F^t M.W. - 1U6» P - 39.056. CI - 0.0?, 
Poundt M.W 4 - 1146, 1119, P - 39.0*. 39.3*, CI - 0.2* 

The data of the Examples cure summarized below 
in tabular' 'form for the purpose of providing a convenient 
5 ; reference thereto* In that Summary, Oel designates the 
catalyst obtained from the ohroraiwa oxide gel restating 
- from the re duo t ion of CrOj with ethanol; 00 designates the 
oatalyet prepared from Ouignet'e Oreen; -OH ppt designates 
the catalyst prepared from ohromlum hydroxide precipitated 
10 ^ from CrOlj with ammonia t Also, the volume % of particular 
products 1a the gaaeoua products are lndloated in 
/parentheaet ( ) # t \J;".j 

iv..>^-Vf ■ , *• ■■ • 

:■ -' ^ftv-vv . ; • "... 

. r :>*f-V ,? *• Vi : v-i' v. ■ • " . " 
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It will be understood that the preceding Examples 
are given for illustrative purpose a solely and that this 
invention la not limited to the speolflo embodiments 
described therein. On the other hand, it will be readily 

5 apparent to those skilled in the art that, subjeot to the 
limitations set forth in the general description, many 
variations oan be made in the materials, the proportions, 
the conditions, and the techniques employed, without 
departing from the spirit or so ope of this invention, 

10 From the preceding description, it will be apparent 

' that this invention provides a new and improved process for 
preparing a wide variety of valuable products, particularly 
many compounds whioh heretofore were dlffloult and expensive 
to produce. The process is simple, economical, and easy to 

15 operate and oontrol so as to produce selected products as 
; ^desired. Particularly, it produces exceptionally high 

j.iVv. - 

lr yields of the desired produots, especially of compounds 
v . whioh could not heretofore be produced except with difficulty 
and at high cost. Accordingly, it will be apparent that 
20 this invention constitutes a valuable contribution to and 
advance in the art. 
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The embodiments or the Invention in which an exclusive 
property or privilege is claimed are defined as follows; 

1. The process for fluorinating halohydrocarbons which 
comprises contacting a vapor mixture of 

fa) a halogenated unsaturated aliphatic hydrocarbon of ? 
to 6 carbon atoms In which at least one of the adjacent 
\^carbon links ia a ,? valence bond and in which the 
; \ V halogen atoms have an atomic weight of less than 8o 
and include at least one halogen atom having an atomic 
v; weight between 35 and 8o, said hydrocarbon being selected 
^■^P^.fttrom the group consisting of 

cf 2 =cfcf 2 ci 



>; CFg^CFBr 
; BrCF«CFBr« 
CPg«CBr 2 
CFBr*CBr ? 
CPBreCHP 
CF 2 =CHBr 
CFBr=CHBr 

ci 2 c*cci 2 

; ClCH^CCl 

2 

ClCH^CHCl 

CH 2 *-CC1 ? 

CF 2 =CFC1 

C1CF=>CFC1 

CF 2 =CC1 2 

CFCl^CCl^ 

CHCl«CBr 2 

CHCT=CF ? 

CH^*CHC1 



CF ? »CC1CF 3 

CC1 ? =CFCF 3 

CF ? ^CFCC1 3 

CF 2 =CFCFC1 2 

CC1 2 =CC1CF 3 

CF 2 =CHCF 2 Br 

CHC1«=CFCF 2 C1 

CC1 2 =CHCF 2 C1 

CH^CBrCF^ 

CF 3 CF 2 CC1FCF=CC1F 

CF 2 C1CF^CFCF :j C1 

CF^CFCFCICF CI- 

CF 2 C1CH ? CH=CR ? 

CF 2 CFBrCFBrCF ? CF=CF 

^P 2 CC1 2 CC1 ? CC3-CC1 

nF 2 CCl ? CFClCCl^CCl 



cFjCpcicf, ,cci *=cri 



CH 2 ^CBr 2 
end t 

<b) at least a stoichiometric proportion of anhydrous 
hydrogen fluoride, 

'if','.: 
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with a catalyst which consists essentially of an activated 
anhydrous chromium (III) oxide at a temperature in the range 
of from about lbO°C. to about 700°C. such that the principal 
reaction iu the substitution of fluorine for other halogen of 
the halop.enateif hydrocarbon, and separating thi fluorinated 
compound from the reaction mixture. 

?. The process for fluorinating halohydrocarbons 
which comprises contacting a vapor mixture of 

(a) a halAg^nated unsaturated acyclic hydrocarbon of 
2 to 6 carbon atoms in which at least one of the 
[ adjacent carbon links is a 2 valence bond and in 
; w : t which the halogen atoms have an atomic weight of 
7' less than 80 and Include at least one halogen atom 
^^•^^fhAving an atoaic weight between 35 and &0, said 
H hydrocarbon being selected from the group consisting 



CHF=CHC1 
CH =CBr, 




BrCF=CFBr 



CFBr«HBr ( 



2, 

CFBr^CHP 1 
V :CFBn*CHBr 

i ! ClgC^CCl^ 

*:^tCH»cci 2 

C1CH-CHC1 

CP 0 «CFC1 
C1CF-CPC1 

: cf^cci., 

CKC1 *<:«., 
CHClrCBr.. 



'2 ™'2 
CF =*CC1CF-: 



CFg=CFCF 2 Cl 



CHC1»CP^ * 



CC1 2 =CFCF^ 

CF^CFCCl^ 

CF 2 =CFCFC1 2 

CC1 2 ^CC1CF 3 

CF 2 ^f:HCF 2 Br 

CHC1=CFCF 2 C1 

CC1^CHCF 0 C1 

CH ? «-CBrCF^ 

CFjCK^CClFCF'-CClF 

CF. CICF^CFCF-Cl 

CF 0 *CKCFC1CF M CI 
* * 

cf : ,cicm ;j (;h-*cii . 

CFCl-CHCH^CH^ 



v. 
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(b) at leaet a stoichiometric proportion of anhydrous 
hydrogen fluoride, 
with a catalyst which consists essentially of an activated An- 
hydrous chromium (III) oxide at a temperature in the ran K e of 
from about lbO°C. to about ?no°C. such that the principal 
reaction is the Biibslilulion of fluorine for other halogen of 
the haiogenated hydrocarbon, and separating the fluorinated 
compound from the reaction mixture. 

' " 3 * process for fluorinating halohydrocarbons 

which comprises contacting a vapor mixture of 

(a) a halogenated unsaturated aliphatic hydrocarbon of 
V .. : 2 *° ^. carbon atoms in which at least one of the 
adjacent carbon links is a 2 valence bond and in 
, - which the halogen atoms have an atomic weight of 

less than 80 and include at least one halogen atom 
. having an atomic weight between 35 and 80, said 

hydrocarbon being selected from the group consisting 
of 



CP 2 *CFBr 

BrCF=CFBr 

CP 2 *CBr 2 

CPBr«CBr 2 

CFBr~CHF 

CP 2 =CHBr 

CFBr^CHBr 

Cl^OCCl^ 



C1CH=CC1 



2 



C3CH=CHC1 
CH. »om M 
cf. *cpc:i 

CICF-CFCl 

CF^CClp 

CFC1-CC1 2 



CF 2 =CFCF 2 C1 

CF^CCICF^ 

CC1 2 =CFCF3 

CF 2 =CFCC1 3 

CF 2 =CFCF0l2 

UClo^CClCFj 

CF r ~CHCF 0 Br 

CHC.i*-=CF0F 2 Cl 

CC1 : «CHCF 2 C1 

CHv--OBrCF 

CF^CF.,CCIFCFrCClF 

HF. CICF^CFCF ,Cl 

CF. ( «CFCF<;iCP.\(:i 

CFj,CH:il ,CH»CH : . 



CFCl^rHCH 2 CH 3 




I, w 
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CHCl-CBr 
CHC1-CP 2 
CHF-CHC1 

and, 



2 



CF^CFBrCFBrCF 0 CF=CF 

op 2 cci 2 cci 2 cci-cci 
cf 2 cc1 2 cfc1cc1»cc1 

CP..CFClCFnCCl«CCl 



(b) at least a stoichiometric proportion of anhydrous 
hydrogen fluoride t 
with a catalyst at a temperature in the range of from about 150°C. 
to about 700°Ct such that the principal reaction is the substi- 
tution of fluorine for other halogen of the halogenated hydrocar- 
bon, said catalyst consisting essentially of an activated 
anhydrous chromium (III) oxide gel, made by reducing chromium 
trloxlde with ethanol and then dehydrating the reduced product 
I at a temperature of from about 400°c. to about 6O0°C. in an 
'inert atmosphere/ and separating the fluorine ted compound from 
the reaction mixture.' 

k 9 , A process which comprises contacting, in the 
>. vapor phase, hydrogen fluoride with a compound selected from 
Vthe group consisting of perchlorofluoroethylene and tetrachloro- 
.'ethylene, with an activated anhydrous chromium (III) oxide 
-catalyst, at a temperature between 200°C. and 550°C. and recovering 
vpentafluoroethane as product, 

V .!;; ' > : ". ' ' 



•V. 
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